The juice of pummelo (Citrus grandis Osbeck) was analyzed to determine its composition of flavonoids, polymethoxyflavones, coumarins and psoralens. The analyses were carried out by HPLC using columns packed with small diameter Fused-Core® C18 particles to achieve high resolution in short analysis time. In addition, the profile of the native carotenoids present in the juice was determined using a C30 column. Identification of flavonoids was achieved by MS with ESI in negative mode; the MS acquisition of oxygenated heterocyclic compounds was performed in positive APCI; carotenoids were detected with a PDA detector. Nineteen native carotenoids were determined in pummelo juice for the first time. The composition of this juice is also discussed in comparison with other Citrus juices, especially grapefruit.
These bioactive molecules are non-volatile, thus the analytical technique of choice for their determination in Citrus products is high pressure liquid chromatography (HPLC) [16, 17, [27] [28] [29] [30] [31] [32] [33] . In this work the non-volatile qualitative and quantitative profile of the juice of pummelo is elucidated by means of reversed phase liquid chromatography (RP-HPLC) using the new generation Fused-core® C18 columns to take advantage of the high efficiency of these particles, and the conventional C30 columns for their higher selectivity towards apolar compounds. To the authors' knowledge, the composition of all these classes of compounds has never been determined in the same juice simultaneously. Identification of all the flavonoids and oxygenated heterocyclic compounds was carried out by combining both UV-vis and MS data and comparing these with available standards, while the identification of all the carotenoids was performed by comparison of their UV spectra with reference materials [34] in combination with their chromatographic behavior. In Table 1 are reported the quantitative values of flavonoids in the sample analyzed. Pummelo juice was characterized by the presence of four flavanones: naringin, neoeriocitrin, naringenin (melitidin) and acetylated naringin, and one flavone: rhoifolin. Other authors also reported hesperidin, neohesperidin, diosmin, vicenin-2, O-triglycosylnaringenin and didymin [35, 36] .
The most abundant flavonoid was naringin (137.7 mg/L), in accordance with previously published reports [35] [36] [37] . However, Girennavar et al. [37] reported a significantly higher concentration of this compound than either Xu et al. [35] or Zhang et al. [36] . The qualitative and quantitative differences between our results and those in the literature may be due to many factors, e.g. the cultivar, the harvest time and/or the storage of the juice. In fact, Zhang et al. [36] investigated the juice of four different cultivars (Guanximiyu, Yuhuanyu, Cuixiangtianyu, Shatianyu) of pummelo, and found differences either in the qualitative profile or in the quantitative values. Naringin is one of the flavonoids responsible for the bitter taste of Citrus juices. As in grapefruit [16, 17] , this compound is the main flavonoid in pummelo juice.
Pummelo juice was characterized by the presence of one polymethoxyflavone: nobiletin, four coumarins: meranzine hydrate, epoxyaurapten, osthol and aurapten, and eleven furocoumarins: oxypeucedanin hydrate, bergapten, byakangelicol, oxypeucedanin, isoimperatorin, imperatorin, epoxybergamottin, cnidicin, 8geranyloxypsoralen, bergamottin and one unknown psoralen. The most abundant psoralen was epoxybergamottin (146.0 mg/L), and the most abundant coumarin aurapten (6.3 mg/L). Other oxygenated heterocyclic compounds present in pummelo juice were present in concentrations lower than 10.6 mg/L. Girennavar et al. [37] and Uesawa et al. [38] reported on the presence of bergamottin, bergaptol, epoxybergamottin hydrate and paradisin A. Girennavar et al. [37] quantitatively determined bergamottin (0.8 mg/L), epoxybergamottin hydrate (0.8 mg/L) and paradisin A (0.08 mg/L). The amount of bergamottin reported is in agreement with that determined in the present study. To explain the differences from literature data, the same considerations raised for the flavonoids profile can be made also for this class of compounds.
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The juice of pummelo, hand-squeezed in the laboratory, was characterized by almost the same profile of oxygenated heterocyclic compounds detected previously in pummelo oil extracted in the laboratory from the peel of the fruit by Mondello et al. [7] . In the oil were reported two coumarins, meranzin and isomeranzin, which were not detected in the juice. However, oxypeucedanin hydrate, byakangelicol, nobiletin, cnidicin, isoimperatorin, imperatorin, bergamottin and 8-geranyloxypsoralen were found in the juice, but were not reported by Mondello et al. [7] in the peel oil. These differences may be due to the type of sample analyzed, the cultivar of the fruit, and different instrumentation. In addition to pummelo, grapefruit is the only other Citrus fruit that contains aurapten and epoxyaurapten [29, 30] . One more similarity between these two Citrus fruits is the amount of epoxybergamottin [28, 29] , the most abundant psoralen in pummelo juice and grapefruit.
In Table 2 is reported the qualitative profile of free carotenoids and their esters determined in the sample analyzed. In total, 19 compounds were detected, including neoxanthin, violaxanthin, antheraxanthin, zeaxanthin and mutatoxanthin, which were identified as free xanthophylls. In addition, mono-and di-esters of mutatoxanthin, violaxanthin, and -cryptoxanthin were detected. These compounds were identified based on their UV-Vis spectra and on the identification previously carried out on other Citrus fruits [34] .
Literature data on the composition of carotenoids in pummelo juice is scant. Xu et al. [35] reported the concentration of -carotene in pummelo juice detected by a colorimetric method. Wang et al. [14] reported the quantitative composition of carotenoids determined in an edible portion of a pummelo fruit (lutein, zeaxanthin, -carotene and -cryptoxanthin) by means of RP-HPLC using a C18 stationary phase. The qualitative composition here determined is not in agreement with previous reports, probably due to the cultivar of the fruits, to the extraction procedure, and to the different instrumentation. In general, the results presented provide useful information on the nutritional value of pummelo juice. The qualitative and quantitative profiles of the different classes of substances here investigated on the same sample can be used to characterize this product, highlighting similarities and differences with the closely related grapefruit juice. Flavonoids and carotenoids in juice of pummelo (Citrus grandis Osbeck) Natural Product Communications Vol. 8 (2) 2013 173
Experimental
Flavonoid analyses: For the analysis of flavonoids, the juice was used without any pre-treatment. The hand-squeezed juice was centrifuged and then filtered through an Acrodisc 0.45 m nylon filter (Sigma-Aldrich; Milan, Italy). For the analysis of oxygenated heterocyclic compounds, the juice sample was subjected to solvent extraction prior to HPLC analysis. Ten mL of juice was extracted with 3 successive aliquots of ethyl acetate (10 mL), using the method reported by Dugo et al. [28] . The extracts were dried with anhydrous sodium sulfate, filtered through filter paper, and evaporated to dryness in a rotary evaporator at 30°C. The extract thus obtained was dissolved in 1 mL ethanol to which was added 50
L of coumarin (64.8 mg in 50 mL of ethanol) prior to HPLC analysis. All the standards employed in this study were commercially available and/or previously synthesized in our laboratory [28, 29] .
Carotenoid analysis: For carotenoid analyses, 80 g of juice was extracted 3 times with 90 mL of a mixture of methanol/ethyl acetate/light petroleum (1:1:1), using the method reported by Dugo et al. [34] . The upper phase was gathered, dried with anhydrous sodium sulfate, filtered through filter paper, and evaporated to dryness using a rotary evaporator at 30°C after the addition of ca. 2 mg of BHT. The dry residue was then re-suspended in 3 mL of a mixture of methanol/MTBE/ (1:1) and stored in darkness at -18° C until use.
Instrumentation:
The HPLC analyses were carried out using a Shimadzu HPLC system equipped with two LC 10 AD Vp pumps, an SCL-10-Avp controller, a DGU-14A degasser, and a SPD-M10 Avp UV detector. For the analysis of compounds a Shimadzu LC-MS-2020 was also used. The LC analyses of flavonoids were carried out on an Ascentis Express C18 column, 5 cm x 4.6 mm i.d. Flow-rate was 0.8 mL/min, data were acquired using a photodiode array detector in the range 190-370 nm and the chromatograms were extracted at 283 and 325 nm. Time constant was 0.64 s and sample frequency 1.5625 Hz. Since the pH of the Citrus juice is roughly 3.5-3.8, as previously determined [27] , the mobile phases were adjusted to pH 3 with formic acid in order to suppress the ionization of the phenolic groups. Separation of coumarins was carried out on an Ascentis Express C18 column, 150 x 4.6 mm i.d., with a particle size of 2.7 m (Supelco, Bellefonte, PA To quantify the content of flavonoids present in pummelo juice, a calibration curve was constructed by using naringin as a reference material. Five different concentrations of naringin (0.1-100 mg/L concentration range) were prepared by diluting a stock solution of about 1000 mg/L, using methanol as solvent, and analyzed 5 times by HPLC under the same chromatographic conditions optimized for the juice sample. Limit of detection (LOD) and limit of quantification (LOQ) values, following the EURACHEM guidelines [41], were also calculated using the method reported by Russo et al. [27] . A calibration curve of naringin was taken into account for the determination of the flavanone-O-glycosides content in the juice. Correction factors were then calculated using the formula reported by Russo et al. [29] ; limit of detection (LOD) and limit of quantification (LOQ) values, following the EURACHEM guidelines [41], were also calculated.
